**Core tip:** Intestinal parasitic infections caused by *Blastocystis hominis* (*B. hominis*) and *Dientamoeba fragilis* (*D. fragilis*) have the ability to cause illness. This study investigated the effect of a triple antibiotic therapy using 2-d enema infusion for treatment of patients who were positive to *B. hominis*, *D. fragilis* or both. A significant reduction in major symptoms as well as parasite eradication were observed post-treatment. Larger clinical trials should further investigate improvements of such therapy using larger volume enemas and alternative delivery routes.

INTRODUCTION
============

The two anaerobic protozoa, *Blastocystis hominis* (*B. hominis*) and *Dientamoeba fragilis* (*D. fragilis*) are described as "neglected parasites", which are found in the intestinal tract of humans\[[@B1]\]. Intestinal protozoan infections are a global problem in both developed and developing countries and can cause considerable morbidity especially in children\[[@B1]\]. In many low-income countries, poverty and poor sanitation are the main causal factors for transmission. Both parasites are generally transmitted through faecal-oral contact or water/food contamination and are often detected in the stool of patients with gastrointestinal problems\[[@B2],[@B3]\]. These symptoms are comparable with those experienced with irritable bowel syndrome (IBS) and inflammatory bowel disease (IBD). As such, a possible link between these infections, IBD and IBS has been suggested\[[@B3]\]. Thus, the eradication of these parasitic infections may be necessary when they are the only infectious agents detected in symptomatic patients.

*Blastocystis* species (spp) are unicellular enteric parasites present in most species of animals and have extensive genetic diversity. *B. hominis* is the only member of Stramenopiles that infects humans and exists in four different forms; cyst, ameboid, granular and vacuolar\[[@B4]\]. *Blastocystis* spp have a global distribution. Its prevalence in humans, in developing countries is estimated to be around 76%-100% compared to 5% in developed countries\[[@B5]\]. Symptoms associated with *Blastocystis* infection include abdominal pain, diarrhoea, nausea, bloating and fatigue\[[@B5]\].

The other protozoan, *D. fragilis*, was described for the first time by Jepps and Dobell in England in 1918\[[@B6]\]. It was initially misclassified as an amoeba, and was later re-classified as a unicellular flagellate despite lacking a flagellum\[[@B7]\]. The global distribution of *D. fragilis* is reported to range between 0.4% to 71%, with developed countries showing a higher prevalence. *D. fragilis* has been associated with symptoms such as abdominal pain, diarrhoea and loose stools\[[@B5],[@B8]\].

Although, these parasites have a well-documented pathogenic potential, there is still debate on whether these infections should be treated and there are few studies that have investigated the treatment options for these infections. In addition, these parasites are relatively difficult to eradicate and there are often side effects associated with oral antibiotic therapy.

Metronidazole as an oral antiprotozoal antibiotic was first developed in 1962 and was originally used for management of trichomoniasis\[[@B9]\]. Some studies have reported the success of metronidazole in the treatment of *D. fragilis* and *B. hominis* infections\[[@B10]\], while others showed treatment failure\[[@B11]\]. In a study investigating the treatment of *D. fragilis* with metronidazole or tetracycline, a microbiological response was observed in 60% of patients and relief of symptoms was shown in only 30% of patients treated with metronidazole, while tetracycline had no effect\[[@B9]\]. These findings suggested that a substantial number of patients were insufficiently treated with metronidazole and more efficient drugs were needed for treating this infection. Some studies combined several anti-parasite medications to achieve higher efficacy\[[@B12],[@B13]\].

Other studies have combined anti-parasitic antibiotics to be used intra-luminally for treating resistant parasitic infections. Triple antibiotic therapy using nitazoxanide, secnidazole and furazolidone through colonic infusion may be an effective method for eradicating *D. fragilis* and *B. hominis* infections for those who fail oral antibiotic therapy\[[@B14]\]. Nitazoxanide was first described as a human cestocidal drug in 1984\[[@B9]\]. Clinical trials have demonstrated relief of metronidazole-resistant parasite diarrhoea following treatment with nitazoxanide. Adverse effects associated with nitazoxanide are uncommon and the incidence is reported to be lower than metronidazole\[[@B9],[@B15]\]. The other antibiotic that has been considered for the treatment of these parasites is secnidazole, which has a longer half-life compared to metronidazole. It has been used for treatment of trichomoniasis, giardiasis and amoebiasis, with a cure rate of 80%-100%. Mild nausea is one of the side effects reported in a few patients. Another antibiotic with a broader antibacterial and antiprotozoal activity is furazolidone, which is a synthetic nitrofuran derivative\[[@B9]\]. It has shown activity particularly against *Entamoeba histolytica* and *Giardia lamblia* and is suggested as an alternative drug in the case of treatment failure with first line agents. There has not been any studies assessing the efficacy of furazolidone specifically in the treatment of *D. fragilis* or *B. hominis* infections\[[@B9]\]. Our study aimed to investigate the effect of combined antibiotics administered *via* enema infusion to eradicate *D. fragilis* and *B. hominis* and improve symptoms.

MATERIALS AND METHODS
=====================

This retrospective, single centre longitudinal study was conducted between January 2017 and December 2018. Patients 18 years or older, who were positive for *D. fragilis*, *B. hominis* or both were invited to participate in this study. The treatment consisted of triple antibiotics (furazolidone 0.9 g, nitazoxanide 3 g and secnidazole 3.6 g) infused over two consecutive days through rectal enema. The antibiotic enema was administered *via* enema bag (gravity fed) containing the medication diluted in 300 ml of normal saline and delivered *via* rectum into the bowel. In the case of allergy, the culprit drug was replaced by paromomycin 4.5 g or diloxanide furoate 4.5 g. Faecal specimens were collected from study participants at baseline and six weeks after completion of treatment. Stool microscopy and polymerase chain reaction were used for parasite detection. Symptoms were recorded by the patients on a standard questionnaire prior to treatment and subsequently at three days, seven days and six weeks after the treatment. Patient demographic data (age, gender, previous treatment, concomitant medications and relevant medical history) were also collected to identify any confounding variables within the study population.

Statistical analysis was conducted using GraphPad Prism v.8 (La Jolla, CA, United States) software. Statistical differences between three or more sets of data were analysed using one-way analysis of variance and nonparametric technique, followed by Tukey's multiple comparison post-test if the *P* value was significant. Wilcoxon matched-pairs signed rank test was used to compare the differences between two sets of data. The association between categorical variables were determined using Chi-square and Fisher's exact test. *P* values of \< 0.05 were considered significant. The study was approved by the institutions Ethics Committee (CDD19/C02).

RESULTS
=======

Fifty-four (16 males) patients with an age range of 21-81 years (median age 49 years) participated in the study and all the patients completed the treatment. Twenty-three patients had received prior antibiotic therapy (including diloxanide furoate, metronidazole, trimethoprim/sulfamethoxazole (bactrim), secnidazole, tinidazole, furazolidone, doxycycline, paromomycin and nitazoxanide) and 18 patients had history of gastrointestinal symptoms (Table [1](#T1){ref-type="table"}). Of the 54 patients, 37% were positive to *B. hominis*, 35% to *D. fragilis* and 28% to both. Only one patient was asymptomatic prior to the treatment; 83% of the patients had five or more of the symptoms listed in Table [1](#T1){ref-type="table"}. The most common symptoms were diarrhoea, constipation, abdominal pain and fatigue. All patients completed the two days of antibiotic enema infusions administered in a volume of 300 mL. The median retention time for the enema among the patients was 3 h (ranging from 0.5 h to 12 h) and 39% of the patients had bowel preparation prior to the treatment. No serious adverse event was reported. The most common side effect experienced by the patients undergoing the treatment was urine discolouration, which cleared by six weeks of follow-up. Out of 54 patients, 48 completed a final stool test for investigation of parasite eradication at six weeks post-treatment. Overall 79% of patients cleared the parasites from their faeces at six weeks (Table [2](#T2){ref-type="table"}).

###### 

Baseline demographic data of participants

  ----------------------------------------------------------- ---------------------------------------
  Gender (*n*)                                                Female (38), male (16)
  Age mean (range), yr                                        49 (21-81)
  Bowel preparation (*n*)                                     Yes (21), no (33)
  Parasite present (*n*)                                      BH only (20), DF only (19), both (15)
  Prior antibiotic treatment for parasite eradication (*n*)   23
  History of gastrointestinal problems (*n*)                  18
  Symptoms *n*)                                               
  Diarrhoea (36)                                              Fatigue (38)
  Constipation (27)                                           Lethargy (12)
  Bloating (39)                                               Malaise (15)
  Flatulence (37)                                             Blood in the stool (10)
  Trapped wind/gurgling (14)                                  Low mood (22)
  Loss of appetite (18)                                       Anxiety (13)
  Dizziness/light headed (26)                                 Reflux/heartburn (15)
  Headaches (22)                                              Muscular weakness (22)
  Nausea (21)                                                 Itchy skin (15)
  Vomiting (7)                                                Skin rash (7)
  Anal itching (21)                                           Discoloured urine (11)
  Metallic taste (14)                                         Abdominal discomfort/pain (38)
  Photo-sensitivity (9)                                       
  ----------------------------------------------------------- ---------------------------------------

BH: *Blastocystis hominis*; DF: *Dientamoeba fragilis*.

###### 

Parasite eradication, *n* (%)

                                     **Parasite**             
  ------------------------ --------- -------------- --------- ---------
  Number of patients       20        19             15        54
  Number tested at 6 wk    19        16             13        48
  Number cleared at 6 wk   14 (29)   13 (27)        11 (23)   38 (79)

BH: *Blastocystis hominis;* DF: *Dientamoeba fragilis*.

There was a significant reduction in abdominal discomfort, dizziness and blood in the stool at both seven days and six weeks post-treatment (*P* \< 0.040) (Figure [1](#F1){ref-type="fig"}). Symptoms such as diarrhoea, constipation, bloating, flatulence, nausea, vomiting, anal itching, muscular weakness, itchy skin and skin rash showed significant improvement at six weeks post-treatment (*P* \< 0.040). A significant improvement in patients' mood was shown at all time-points, three days, seven days and six weeks post-treatment (*P* \< 0.001). There was no significant association between the enema retention time, bowel preparation, previous antibiotic treatment or previous gastrointestinal problems and eradication of parasites.

![Common clinical symptoms pre- and post-treatment.\
Statistical significance: ^a^*P* \< 0.05.](WJG-26-3792-g001){#F1}

In this study, successful eradication of *B. hominis* and *D. fragilis* infections occurred in 79% of patients at six weeks post-treatment with 2-d enema infusion using triple antibiotic therapy. An improvement in major clinical symptoms, diarrhoea and abdominal pain was also observed six weeks after the treatment. To our knowledge, this is the first study to investigate the efficacy of three novel antibiotics through a different route of delivery - enema infusion - in patients seeking treatment for *B. hominis* and *D. fragilis* infections.

*B. hominis* and *D. fragilis* have a worldwide distribution and are more commonly found than both *G. lamblia* and *Cryptosporidium* spp\[[@B5]\]. Exploring combinations of antibiotics and alternative methods of delivery is important to improve the clearance rate of *B. hominis* and *D. fragilis* infections and to eradicate the resistant strains. Therefore, this study examined the effect of a new combination of drugs infused *via* enema in a small group of patients seeking treatment for parasite infection. This showed a successful eradication of parasites and improvement of clinical outcomes. Although, treatment did not work for approximately 20% of patients, it still showed a higher achievement compared to monotherapy with conventional drugs such as metronidazole. The success and tolerability of this therapy may be due to the delivery of a high concentration of drugs to the colon where *B. hominis* and *D. fragilis* usually reside, with insignificant systemic absorption. Using an enema as the mode of delivery may be beneficial by bypassing the systemic absorption seen in oral dosing and hence, minimising the side effects.

Previously, a small number of studies have reported the effect of different antibiotic treatments in treating these parasitic infections. In a placebo-controlled trial, the efficacy of metronidazole in inducing remission and eradicating the parasites was investigated\[[@B16]\]. The study showed a higher eradication rate, one month following the treatment. However, the six months follow-up showed a high rate of recrudescence in patients treated with metronidazole. Therefore, it was concluded that metronidazole may be ineffective in achieving complete eradication of *B. hominis*, mainly due to drug resistance\[[@B5]\]. Another longitudinal, prospective case study on 11 symptomatic patients positive for *Blastocystis* showed that metronidazole failed to cure any of the patients\[[@B17]\]. Resistance to metronidazole was first reported in 1991, which brought doubt about its value as a first line treatment\[[@B18]\]. Metronidazole might be an effective treatment for certain patients, but does not necessarily provide complete eradication in patients with severe infection\[[@B17]\]. The variation in treatment response can be due to existence of resistance subtypes of parasite\[[@B9]\], which question the use of metronidazole as the single and first line of therapy.

In another longitudinal, prospective case study, 10 patients with diarrhoea-predominant IBS who were positive to *B. hominis* were treated with oral triple antibiotic therapy including diloxanide furoate, trimethoprim/sulfamethoxazole and secnidazole\[[@B14]\]. The parasite was eradicated in 60% of patients with IBS, which showed an improvement over conventional monotherapy such has metronidazole\[[@B14]\]. Similarly, in a retrospective cohort study from the Netherlands, 93 symptomatic patients were treated with paromomycin, along with other antibiotics such as, clioquinol and metronidazole\[[@B19]\]. Paromomycin showed a higher eradication rate of 98% compared to clioquinol (83%) and metronidazole (57%)\[[@B19]\]. While a number of antibiotics have shown to be effective in treating either *B. hominis* or *D. fragilis* infection and are recommended as therapeutic options, these recommendations are mainly based on a small number of non-randomised studies\[[@B9]\]. Moreover, there is little *in vitro* susceptibility data for these parasites. Further, prospective randomised studies are required to better understand the effectiveness of antibiotic combinations and modes of administration in *B. hominis* or *D. fragilis* infection eradication.

*B. hominis* and *D. fragilis* establish in the anaerobic environment of the human colon and thrive in presence of bacteria and in some circumstances can invade the intestinal mucosa\[[@B20]\]. Although, these two parasites are considered harmless, they are associated with a range of symptoms such as diarrhoea and abdominal pain\[[@B21]\], and have been associated with IBD and IBS\[[@B18]\]. It is suggested that they may contribute to symptoms *via* the disruption of gut microbiota, resulting in a decrease in beneficial bacteria such as *Bifidobacterium* and *Lactobacillus* spp. In this study, patients reported post-treatment symptoms at three different time points. Some of the symptoms such as abdominal discomfort and blood in the stools were resolved as early as seven days post-treatment. A few other studies have followed-up the possible adverse effects and symptoms post-treatment; however, those treatments were based on a mono-therapy\[[@B8],[@B16]\]. In a study by Nigro et al\[[@B16]\], the six months follow-up on patients treated with metronidazole for *B. hominis* infection showed parasite recrudescence with return of symptoms.

This study reported both parasite eradication and pre- and post-treatment symptom comparisons. Other variables such as enema retention time were measured to investigate the possible factors contributing to efficacy. There are a number of limitations of this study, such as the relatively small sample size and lack of control group. Also, patients were followed-up for duration of six weeks while a longer follow-up period may give us information of late symptom return. Moreover, further studies with larger sample size and a control group could provide broader understanding of the treatment efficacy.

Overall, this study showed a significant achievement in both parasitic eradication and improvement of clinical outcomes which points to the use of combination therapies with an alternative delivery as first line of therapy. Larger scale randomised controlled trials could help improve efficacy and so symptom resolution.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

*Blastocystis hominis* (*B. hominis*) and *Dientamoeba fragilis* (*D. fragilis*) are the two anaerobic protozoa which can be found in the intestinal tract of humans and can be transmitted *via* faecal-oral contact. Patients infected with these parasites can experience symptoms similar to those with irritable bowel syndrome such as abdominal pain, constipation, bloating or diarrhoea. The infections caused by the intestinal protozoa are global problems in both developed and developing countries and can cause considerable morbidity in the younger population.

Research motivation
-------------------

A high failure rate has been observed with use of single drugs such as metronidazole in the treatment of *B. hominis* and *D. fragilis* parasitic infections, thus this has led to the development of novel combination therapies.

Research objectives
-------------------

This study aimed to investigate the effect of combined antibiotics administered via enema infusion to eradicate *D. fragilis* and *B. hominis* and to determine their effect on resolution of symptoms.

Research methods
----------------

A retrospective, single centre longitudinal study was conducted between 2017-2018 on patients 18 years or older, who were positive for *D. fragilis*, *B. hominis* or both. Triple antibiotics were infused over two days through rectal enema. Faecal specimens were screened for parasites from patients at baseline and six weeks after completion of treatment. Symptoms were recorded at three days, seven days and six weeks after the treatment. Patient demographic data were also collected to identify any confounding variables within the study population.

Research results
----------------

The results showed that the majority of patients (79%) showed complete clearance of parasites post-antibiotic enema infusion treatment. Improvement was observed in major clinical symptoms such as abdominal pain post-treatment. The most common side effects experienced were urine discolouration, which improved following the treatment.

Research conclusions
--------------------

A significant achievement in both parasitic eradication and improvement of clinical outcomes were observed, with minimal side effects. These points to the use of combination therapies via enema as a potential first line of therapy for parasite eradication.

Research perspectives
---------------------

In order to better understand the effect of antibiotic combinations and mode of administration in eradication of *B. hominis* or *D. fragilis* infections, further prospective randomised studies are required.
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